Aim: The present study aimed to identify factors that influence the consumption of fish and foods that are enriched with omega-3 long-chain polyunsaturated fatty acids (n-3 LCPUFA), in order to inform the development of effective nutrition education strategies. Methods: A cross-sectional, 10-item self-administered survey was conducted to 262 parents of children aged 9-13 years from a regional centre in New South Wales. Parents were asked questions related to frequency of consumption, and to identify factors that either encouraged or prevented the provision of fish/seafood and/or n-3 LCPUFAenriched foods for their families. Results: Salmon, canned tuna, prawn and take-away fish were the most commonly eaten variants of fish/ seafood, at approximately once a month. Perceived health benefits and the influence of media and health professionals in health promotion were identified as the primary motivators for consumption of fish/seafood and foods enriched with n-3 LCPUFA. Among families who consume fish, taste was valued as having a major positive influence, as well as preferences of individual family members, but the latter was perceived as an obstacle in non-fish consumers. Price was the main barrier to consumption of fresh, but not canned, fish and n-3-enriched foods, in both those that do and do not consume these foods. Conclusion: Despite Australian parents' knowledge of the health benefits n-3 LCPUFA, only a fifth of households meet the recommended two serves of fish per week, hence nutrition education strategies are warranted. 
INTRODUCTION
The health benefits of consuming fish and/or seafood and foods enriched with n-3 have been widely reported in school children and adolescents, with outcomes including improvements in cognitive performance and academic achievement, [1] [2] [3] [4] [5] atheroprotective lipid profiles, 6 improved cardiovascular risk factors 7 and possibly the prevention of obesity-related chronic diseases. 8 These benefits are primary attributed to the high content of n-3 LCPUFA, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). These fatty acids are insufficiently de novo synthesized in the human body, 9, 10 thus, must be obtained from foods containing preformed EPA and DHA, such as fish and/or seafood 11, 12 as well as foods enriched with n-3. 13 Fish consumption is a valid predictor for EPA and DHA concentration in serum phospholipid. 14, 15 Likewise, the consumption of omega-3 enriched foods (e.g. bread, egg, milk and dips) leads to a significantly increased concentration of EPA and DHA levels in serum phospholipids 16, 17 plasma 18, 19 and erythrocytes. 20 The Australian Dietary Guidelines advise children to consume a half to one serving of fish each day, with a serve size equivalent to 80 -120 grams of cooked fish fillet for optimal brain development and cardiovascular health. 21 Other agencies such as the National Heart Foundation of Australia 22,23 recommend higher intakes (2 or 3 serves of 150 g per serve size of fatty fish per week), as well as food and drinks enriched with n-3 LCPUFA.
Fish and/or seafood products have been reported to provide 88% of DHA, 78% of EPA and 79% of total n-3 LCPUFA in the diets of Australian children. 12 Consumers of fish ate on average 59 g (SD 48 g) per day, which enabled them to meet approximately 70% of the suggested dietary target (SDT) for n-3 LCPUFA. 12 However, in a nationally representative sample of children, only a fifth had eaten fish within the two days of dietary reporting. 24, 25 Additionally, less than 7% of the Australian children consumed foods enriched with n-3, 25 which has previously been proposed as a strategy to increase population-intake of n-3 LCPUFA. 26, 27 In countries with traditionally low fish consumption such as Australia, 25 n-3 enriched foods may play an important role in meeting the dietary recommendation for n-3 LCUFA intake for optimal health. Such foods are available in supermarkets in Australia, and include various n-3 enriched breads, eggs, milk and yoghurts.
Food consumption patterns of children are largely influenced by individual food preferences 28 which in turn may be influenced by parental influences.
29
Children are known to model behaviour related to food selection on the dietary habits of their parents. 30, 31 For example, children's fish consumption patterns are similar to those of their mother. 32 The development of food-acceptance patterns of a child that tend to persist into adulthood is dependent to a large extent on the home environment. 33 Involvement of adolescents (9) (10) (11) (12) (13) (14) years old) at the family dinner table improved the quality of their diet. 34 It is suggested that interventions targeting healthy eating behaviours in children should involve family members in order to modify home environments, whereby parents and other family members in the household also change dietary behaviours to include healthier options 30, 35 that in the case of increased n-3 intake would include fish and n-3 enriched foods. Fish and/or seafood consumption is influenced by many factors. Numerous identified barriers in adults include difficulty purchasing, preparing and cooking fish; the high cost; the unpleasant physical properties of some characteristics of fish (e.g. bones and smell); a low awareness of the health benefits associated with fish consumption; a limited supply and quality of fresh fish; preferences of other family members; the lack of product choice; unpleasant taste; low socioeconomic background; as well as environmental concerns related to sustainability and the presence of pollutants in the food supply. [36] [37] [38] A negative attitude towards both the smell and the accompaniments, and fear of finding bones has been reported as barriers for fish consumption in adolescents. 39 Food neophobia, 'avoidance of and reluctance to taste of unfamiliar food' 40 has also been identified as a factor that predicts low fish consumption in young adults. 41 A number of consumer surveys have investigated fish consumption patterns in groups across Australia, [42] [43] [44] [45] while others have identified consumers' intentions to purchase foods enriched with n-3.
46,47
The current study is the first one to identify factors which influence parents or primary caregivers decisions to provide fish/seafood and/or n-3 enriched foods to their family. Findings of this study will inform the development of more targeted health messages to improve n-3 LCPUFA intake in Australian children.
METHODS
A cross sectional survey was conducted from June to September 2011 in Wollongong, New South Wales, to identify factors relating to parents or primary caregivers' behaviours in preparing fish and/or seafood and n-3 enriched food products for their family. Two methods of questionnaire administration were offered, either a paper-based survey or an online format using the Survey Monkey tool. A survey questionnaire was developed based on published literature related to barriers and promoting factors affecting consumption of fish and n-3 enriched foods.
Ten closed questions addressed about frequency of consumption of various types of fresh or frozen and canned fish/seafood and n-3 enriched food products (three items), barriers and promoting factors for consuming these foods (three items), and preferences for nutrition education activities aimed at improving children's n-3 LCPUFA intake (four items). An 8-point
Likert scale was used for participants' responses to frequency of consumption (almost never, once a month, 2 or 3 times a month, once a week, 3 or 4 times a week, once a day and not applicable), and a 5-point scale for listed factors that influence consumption patterns (have a large positive influence, some positive influence, neutral, some negative influence and have a large negative influence). The questionnaire was pilot-tested in 7 parents (data not shown) prior to the main survey.
A convenient sample of 262 participants (102 and 160 filled out online and paper-based survey respectively) was recruited using advertisements at the University of Wollongong, child minding centres, shopping centres, mother groups, public offices and local media units in
Wollongong. Respondents who were eligible to participate in this survey were parents or primary caregivers who have a child aged 9 to 13 years.
Data was analysed according to categorization into three patterns of fish consumption:
frequent eaters (respondents that consumed fish and/or seafood as per the recommendation of 2 or more servings per week), occasional eaters (fish and/or seafood less than twice per week) and non-fish eaters. Participants' responses related to barriers and promoting factors for fish and/or seafood and n-3 enriched foods were reported in two categories, positive and negative factors (response to neutral was not shown). This study was approved by the the Human Research Ethics
Committee at the University of Wollongong.
RESULTS
Of the 262 participants (102 and 160 filled out online and paper-based survey respectively), three-quarters were Australian (76%) with the remainder from various nationalities and most were between 35-44 years of age (62%). Almost all (90%) parents or primary caregivers reported being consumers of fish/ seafood and 20% of households meet the recommended two serves of fish per week. Of those who ate fish, approximately three-quarters consumed it at least once a week, and a third consumed it twice or more per week (Table 1) .
Certain of types of fresh or frozen fish, including mackerel and herring (77%), anchovies and sardines (76%), and oyster (66%) were almost never eaten (Table 2) . Similarly, variants of canned fish or seafood, such as herring and shellfish (80%), mackerel (79%), prawn and fish paste (78%), oysters (76%), anchovies (74%), and sardines (70%) were infrequently consumed (Table 3 ). The most frequently consumed types of fish were fresh tuna, prawns and salmon, while canned fish favourites included tuna and salmon (Table 2 and 3 ). In the occasional consumers, fresh prawns (64%) and take-away fried fish and chips (60%) were the most commonly eaten, followed by tuna (34%) and shellfish (26%), whilst in this group, canned fish choices included tuna (59%) and salmon (41%), followed by sardines (14%) and anchovies (11%) ( Table 2 and 3). Figure 1 shows the barriers and promoting factors for consuming fresh or frozen and canned fish/seafood according to the three categories of consumption. In all groups, health benefit was the most commonly reported influence (37% to 80%), followed by media (20% to 39%), health promotion activities (15% to 36%), and advice from a health professional (19% to 33%). Identified barriers included dislike for bones (24% to 58%), unpleasant smell (30% to 40%) and pollutant content (22% to 39%). Of the respondents who were consumers of fish, taste was the second most important influence (33% to 57%); in contrast it was a barrier in individuals who were non-consumers (19% to 22%). Almost half of frequent consumers were influenced by preferences of other family members (fresh or frozen fish (44%), canned fish (37%)), while this was rated as a barrier in respondents who were occasional (28%) or non-consumers (22%). Price and difficulties in preparation were also considered as obstacles in the occasional (36 and 28%, respectively) and non-consumer groups (19%). About a third in each category identified the influence of health professionals, health promotion activities and the mass media as being promoting factors for fish consumption. Only about a tenth was influenced by their social group to consume fish.
Approximately a third of participants almost never consumed foods enriched with n-3, such as bread, egg, yogurt, milk, spread and cereal (Figure 2 ). Of the participants that did consume n-3 enriched foods, milk, bread and spreads were the highest (Figure 2 ). Health benefit (47%) was rated as being the most important factor influencing consumption of n-3 enriched food, followed by media (26%), health promotion (25%), health professional advice (23%) and the influence of family members (18%), while price (21%) was rated as the main barrier ( Figure   3 ).
Regarding preferred nutrition education strategies to improve their children's n-3 LCPUFA intake, participants identified cooking courses (35%) and group discussions (18%) and they also preferred types of accompanying materials such as recipe books (51%), leaflets/brochures (47%) and online programme materials (23%).
DISCUSSION
The present survey has identified factors that influence decision-making of parents regarding provision of fish and seafood, and foods enriched with n-3 LCPUFA, to their children.
Despite a high level of awareness regarding the health benefits of fish identified in the current study and others, 48, 49 only a fifth of participants reported eating fish and/or seafood at least twice per week, which is the recommendation for cardiovascular health.
22,23
Intake of commercially available foods enriched with n-3 was similarly low. Nationally representative data has reported that Australian children and adolescents have low intakes of fish, 24, 25 which results in inadequate intakes of n-3 LCPUFA. 25 A similar finding has been reported in younger pre-school children aged 1 -5 years, in which only 32 % met the adequate intake for n-3 LCPUFA 50 as well as in overweight and obese children aged 5 -12 years. 51 Children have a strong influence on the type of foods prepared and consumed by families. It has been reported that young children's dislike of fish and seafood may lead to omission of this food group in the family meal repertoire, 37, 52 while the presence of adolescents in the home is more likely to result in the presence of negative perceptions associated with seafood, including smell during preparation, taste and reported overall family dislike of these foods. 52 Further, larger households are associated with a greater dislike of fish and seafood, particularly if those households include children older than 8 years.
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It has been reported that parental involvement has some promising positive impacts in encouraging healthy eating practices in children 30, 31, 34, 35, 53, 54 as well as introducing novel foods enriched with EPA and DHA. 27 As well as frequency of fish consumption, we were interested in specific choices thereof, as the n-3 LCPUFA content differs substantially between species. Our data found that most families do not consume EPA and DHA-rich sources of fish and seafood, 55 such as mackerel, herring, anchovies, sardines and oyster. Except for tuna (mostly canned) and salmon, oily fish was infrequently consumed. Nearly half of the sample reported consuming take-away fish and chips at least once a month, which is twice the frequency reported in 1999 (27%). 43 It is noteworthy that the method of cooking does not necessarily affect the amount of EPA and DHA in the fish, however, if the fish is fried using an n-6 oil (e.g. sunflower or safflower), the fish absorbs the n-6 oil, such that the ratio of n-3 to n-6 decreases and this has been shown in fried salmon, 56, 57 codfish, hake, sole 58 mackerel and sardines. 57 Thus, the promotion of oily fish to improve n-3 LC PUFA intakes may require attention to cooking method thereof.
It is useful to analyse factors that affect consumption according to frequency of fish intake, in order to identify determinants of behaviour that may be targeted in intervention strategies targeted at families. For example, in those participants that frequently ate fish, the influence of a family member was rated as a driving factor, whereas this was perceived as an obstacle to consumption in the occasional or non-fish eating groups. It has been argued that decisions to consume fish are shaped by three influences, including "favourable attitude, high subjective norm and high perceived behavioural control", 37 while, self-efficacy (confidence to consume) is a necessary predictive factor to consumption of novel sources of n-3 LCPUFA containing foods 59, 60 as well as the believe that behavioural change will reduce a health risk. 59 Our findings regarding barriers to fish consumption are similar to other studies 37-39,61 and include unpleasant physical properties of some varieties of fish (e.g. bones and smell), environmental concerns such as presence of pollutants, difficulties associated with preparation of fish, and the high cost. Price was identified as the most predominant barrier to consuming foods enriched with n-3 LCPUFA, but not for canned fish. In non-fish eaters, taste and allergy were important reasons, as has been reported by others, 62 while cost and possibility of overdosing (i.e.
erroneous assumption that you could consume too much n-3 LCPUFA from n-3 LCPUFA enriched foods) were the major barriers to eating foods enriched with n-3 LCPUFA. 46 Australian consumers argue that external economic policy influences to reduce the price of fish commodities, and food policy that results in more informative labelling on foods (related to "free from contaminants", such as mercury) are required to empower consumers to change dietary practices associated with fish and seafood consumption. 46, 47 Similarly, clear labelling that convince consumers of the legislation controlling claims as well as the possibility of overdosing on n-3 enriched food package is required to motivate increased consumption thereof. 46 Parents in the present study identified that improved cooking skills would be beneficial to encourage their family to eat more fish and n-3 enriched foods.
The main limitation of the study design relates to the use of a convenience sample, drawn from a single regional geographical location. However, external validity can be assessed by comparing the reported fish consumption habits with data from a nationally representative survey of 1025 Australian adults conducted by the Fisheries Research and Development Corporation (FRDC) in 2011, 44 in which the same proportion of participants reported consuming fish more than once per week, namely a fifth.
CONCLUSIONS
Australian parents are knowledgeable about the health benefits of foods that contain n-3, especially fish, and are also aware of fish being a potential source of pollutants e.g. mercury.
Strategies that attempt to alter dietary behaviour in children and adolescents need to focus on the identified barriers to consumption of n-3-rich foods, including perceived family dislike of taste, inconvenience associated with preparation (smell, bones), lack of cooking skills, and cost constraints. The high intake of canned fish variants may necessitate promotion of these alternatives within recipes or as snack foods by nutrition professionals.
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